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roi v°, U nJI? N AND CHARACTERIZATION OF 

' 1^™ NTIB0DIB RECOGNIZING THE 

INTRACYTOPLASM !C THIRD LOOP OF THE 

i-HYDROXYTRYPTAMINE,, RECEPTOR 

and M. HAMO\* 
Absrracr-The portion of the complcmerrirv HV\ u * . , 

>hydroxy,ryptamine,, (serotonin) ^ Z^-C^ Z .h T^' 1 " 1 *' of ,h, rat 

^,, TCO as a fusion P ,-o : cin coupled with ^ 5 ™ r P 01 ^ 0 exposed in 
The fusion protein was purified on a c utatlvonc f ^ °' & * w " Wflnw «/wk««k. 
for the production ofpolvclona! ani.^^vdroxvtrvmS " " and uscd *° ir "™™e rabbits 
sorbem assay revealed that antibodies «e ~ S e ™"f'; , ! ce P ,ora '" i ^'"«- E.mme-iinked immuno- 
.he lusion protein, and immune respond Suec \\ , r «im ^ "'""'u ^'^ ,he of 
mjcci.oR. These antibodies cr.K mareina'K ' £.e^-? -,'\ ^ v T aft V he ,h,rd ,monih! > » booster 

p-h;.orox> n r>pumine IA receptor bindir.e <ues l tbelt^K - ,^ ^ ^""'P*** to that of 

m the ,mbic areas (dentate trvrus and C\\V^thcltf wi,h markcd enrichment 

and the anterior raphe nuclei* h'ppocampus. la!eral »P<um. er.torhina! cortex » 

* hiPPocampus Were dendntic „eld< 
membrane of somas «as strong!;, inn nuno ^"L™?^™**- ,Wh ^ ihe P'^i 

receptors m.ght differ from one neuronai ceUtj^o^S d * adQreSS,ns o^hydroxy l rvp ta „ lin ^ 



Among the mult.ple receptors for serotonin 
; >r,ydroxYtrvp,amir>e, 5-HT), the 5-HT, A tvpe has 
oeen extensively studied thanks 10 the development 
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3.3 -diaminobcnaaine tetrachloride: e2. second c«rT 

EUSA e^^ «^^™-nS*ic^": 
t»;n en ^> ms -»nked immunosorbent assav G pro- 

h io'rf V? n r C ' e0,ide bi ' idin e P™ in: GST gluta- 
5 HT V t h r l nSlCraSC; GTP ' e"anosinc.5-.,nphos p e ha e : 
> "J 7 -; h >droxytryptmaine (serotonin;.- 5-HT, A -i3/ 

a e pStS h f*£ PBS ' P hos P"=«e-b U frered 
20 PCR n!l. P P a 'u buffered s;lli " c -«-'% Twccn- 



ot selective radioligands (see Ref. 18 for a r-vi-nv, 
ana because partial agonists actins at this 
t.cular receptor have anxiolytic and antidepres- 
sant properties.^ Cloning and sequencing of 
tne >HT iA receptor indicated that it belong to 
the superfamily of receptors coupled to « ua n V i 
nudeot.de binding proteins (G proteins;, v.ifh tvn.' 
«cal features such as seven transmembrane can- 
ning domains, a glycosylated extracellular Vt-rrrlir-l 
doma.n and a short intracellular C-te-nvn'.' 
domain.-'-- 5 " 

In contrast to the transmembrane domain; which 
exhibit a h>gh degree of homology amone the v:-j 0 us 
G-protc.n coupled receptors, the third Intraccllul-r 
loop U3) has a rather unique amino acd s-au»n~- 
which led to the use of synthetic peptides corres- 
ponding to parts of i3 as antigens for the possible 
development of anti-5-HT 1A receptor antibodi-s " 
Using this strategy, polyclonal antibodies recoJnmn, 

wL 3 "„ i A 'TT fr ° m thC rat and lhc h"^n 
«ere produced, allowing the immunohistochemiVal 
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labelling of materia! not only in the CNS" ,: ~ :f ' but also 
in the kidney.-' where, however, neither 5-HT : . x re- 
ceptor specific binding sites (Riad a aL unpublished 
observation; nor 5-HT 1A receptor rnRNA iJ could be 
detected, at least in the rat. In addition, polyclonal 
antibodies were also raised against a synthetic peptide 
corresponding to the second extracellular loop fe2) 
or the 5-HT !A receptor sequence. 4 but the immuno- 
labeihng obtained with these antibodies was 
markedly different from that with the anti-i3 anti- 
bodies. In particular, glial cells exhibited immuno- 
reactive 5-HT, A receptor-like material labelled bv the 
anti-e2 antibodies. 5 ' whereas only neurons could be 
labelled by anti-i3 antibodies. 19 

Because of these discrepancies, we attempted to use 
a strategy other than making synthetic peptides as 
antigens for the production cf specific antio-HT.. A 
receptor antibodies. A fusion protein consisting of 
the full i3 loop of the rat 5-HT iA receptor coupled 
to glutathione ^-transferase (5-HT iA -i3 GST) was 
made in bacteria transfected with the constructed 
piasmid. purified on a glutathione-affinity column 
ana usee as an antigen in rabbits. The present paper 
cesenbes the characteristics of these antibodies 



as assessed by enzyme-linked immunosorbent and 
immunopreeipitaiion assays, and immunautoradio- 
graphic and immunohisiochcmical labelling of rat 
brain sections. 

EXPERIMENTAL PROCKDl RES 

Const r:ul:on uf the recombinant expression piasmid ~GEY- 

A portion of the rat gene corresponding to the :5 domain 
oi me :-HT. A receptor (see Fig. iA) was amniined uVom 
m:c.eo::ces "62 to i 167— see Ref.2) usimz polvmerase chain 
reaction 1PCR1 and the Ibilcuir- primers: AGG ATCC- 
G A A TT C CTCT A C G G G CG C A TCTTC A G A n Dr ;^, r , 
J"J AGGATC CCTCGAGTCAGCCCAGAGTCTTCAC- 
CGTCTT >3 primer). PCR amplification was per:om;ed 
using /Oe;.e:es at y4 C. I mir.: 45 C. i rain: 72 C. i mm. The 
amplified ma:eriai was purified usina Sephadass' Nrads 
t .urmac:aj. restricted with Bam HI. and subcior.ee into 
Bam HI restricted, dephosphoryLited. pSK~ biuescript pias- 
mid iStratagene. CA). A clone (5-HT M i5 pSK' bluescripi) 
ir. the proper orientation was selected and compieieiy 
sequenced using the double-stranded dideoxv chain tem-r- 
ation method of Sanger (Sequenase, ISB Corp.). No differ- 
ences were detected between the amplified segment and the 
sequence reponed by Albert .7 .//.-" In order to insert the 
MiT., i.* ioop in frame with the gkmithione ^-transferase 
(G^T; EC 2.:\ LIS. from Sehisto<oma japonieum). the 5- 
HT :A -i; P SK * bluescript was restricted with \ho I and the 
insert was punned on a 1.5% agarose gel to be suhelor.ed 
into Xho I restricted, dephosphonlated, pGE.VKG p'as- 
mid. L - A pGE\-RG piasmid hearts the insert was .-ho*Vn 
(pGEX-5-HT :A -i3 GST) and used for all subsequent 
studies. 

Induction and purification of the >hydro\ytryptamine : , ;3 
£!u;a;i::ot: t ' S-tnuisfcrasc fusion protein in Escherichia coa 
A culture of \L-I blue bacteria (Stratacene. CM 
iransiormed with the piasmid P Gf X M!T n -i5 GST. was 
grown o\ermght. in 200 ml of Luria Broth containing 
HH>;:gm! .impiciilin tLB-ampi. at 37 C. with xiaorous 
agnation. Saturated cultures were then diluted 10-fo:d in 



LB-amp and further incubated for 2 h at 37 C konrrmvi 
Ihiogalactosidc HPTG 0.1 mM) was added and aaiffi 
37 C was continued for another 1 h. The bacteria! pePet 
was harvested by ccntrifuuation. resuspended in 10 ml of 
ice-cold phosphate-buffered saline (PBS: 50m\l NaH PO ' 
NVIPO,. !54mM NaCI. pH 7.4 r containing I0mM 

o l% Trilon X - 100 - Im ' v l phenvlmcihvUuiphon-1 

fluoride (PMSF; and aprotinin and leupeptin at 2 mn ml 
each (Buffer A), and lysed by sonication. The particulate 
suspension was pelleted by centrifugation at 30.000? for 
I5min at 4 C. The clear supernatant was incubated 
with 2 ml of a 50% slurry of S-linked 2lutathione agarose 
(Pharmacia) for 20 min at 4 : C, and the agarose set was 
collected in a column. After washir.2 with 10 volumes 
of PBS supplemented with 10 mM EDTA. eiution was 
achieved with 15 ml of 20 mM reduced slutathione in 
M)mM Tris-HC! (final pH S.Oj. The amnitv-purifiec fusion 
protein was concentrated and diaiysed against PBS before 
being used for subsequent immunizations. The inte^ritv 
of the protein was verified by sodium dodecvisuiphate- 
polyacryiumide gel electrophoresis (SDS-PAGE Zt> ) and 
200 ug aliquots of the purified protein were frozen at 
-80 C until their use for immunization. 

Immunization of the rabbits and affinity purification of 
antisera 

_ Four white New Zealand male rabbits were immunized 
with 0.2 ma affinity-purified fusion protein each month: the 
nrst two injections were done with the antiaen emulsified in 
complete Freund's adjuvant (Difco). Subsequent booster 
injections were achieved with the antigen mixed with incom- 
plete Freund's adjuvant. Blood samples were taker, before 
each injection and clotted. The resulting sera were decom- 
piemented by heating at 56 C for 30 min. diaivsec exte-- 
sivd> against 0.9% NaCI (in order to remove endogenous 
NHT). and finally mixed with an equal volume of a!\ceroi 
for storage at -30 C. 

The fusion protein (5-HT, A -i3 GST. 20 ma) or GST 
(20 mg) was conjugated to Aifi-Gel 15 iBio-Radi according 
to the manufacturer's protocol. Amnity purification of 
antisera l:r>t consisted of passing the serum through the 
GST-Alfi-Gei 15 column previouslv equilibrat-cf uii- 
25 mM Tris-HCl (pH 7.4). The effluent was then 'o-c-d 
on the 5-HT : ,-i3 GST-Affi-Gel 15 column, which wu< 
supsequentiy washed with 20 ml of 25 mM Tris-HCl 
tpH 7.4) and eluted with 10 mM ghcine-HCl (oH 2.0l' 
Eluate fractions (2 ml each) were immediately neutralized 
and those containing anti-5-HT. A -i3 GST specirc anti- 
bodies (as assessed by ELISA. see below ). were concentrated 
against PBS using a Micro-Pro-Dicon apparatus tB<o-Moi- 
ecular Dynamics) at 4 C. The final solution of antibodies 
was mixed with glycerol (up to 50 l, o). and kept at - "0 C 
until use. 

Purified anti-GST antibodies were obtained usin-j the 
same protocol (washing and eiution) applied to the GST- 
Afii-Gel 15 column after the serum sample had pa«ed 
through. 

Enzyme -iinxed immunosorbent assay 

The fusion protein 5-HT !A -i3 GST or the svmheiic rep- 
tide GIy- 4 *-G!u- w (see Fig. IA, 10/isml each), dissolved 
in 0.1 M sodium carbonate (pH 10.S). was added to each 
well of a microliter plate, which was then incubated for 1 h 
at 37 C The wells were washed three limes with PBS 
supplemented with 0.1% Tween-20 (PBSTj. tilled with PBS 
containing la:- free milk (3%. wt vol), and incubated for I h 
at 37 C before washing three times with PBST. Fifty 
micro! it res of serially diluted antisera (10" ; to 10"" in PBST 
containing 3% fat-free milk) were then added to each 
well and the plate was incubated for 2h at 37 C. After 
washing three times with PBST, the secondary amibodv. 
biotinylated goat anti-rabbit lgG {\0' x dilution in PBS 
supplemented with 3% fat-free~milk). was added to each 
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well, and incubation proceeded for Ih au37 C. before 
extensive washing with PBST. Then, streptavidit; peroxidase 
i\0' } diluted in PBST containing 3% fat -free milk) was 
added for 1 h at 37'C. and the wells were tinally washed 
twice with PBST and once with PBS. The bound antibodies 
were detected by colour development following the addition 
of O-phenyienediamine dihydrochloridc in 0.1 M sodium 
citrate containing 0.05% H ; 0 ; (pH 5.5) to each well. The 
reaction was stopped by sulphuric acid (4 X final). 10 min 
later, and the absorbance was measured at 4^2 nm usinc a 
mieroplate reader (Sigma). 

Immiaxibhtting 

Fusion protein 5-HT IA -i3.GST and free GST were 
elect rophoresed in a 12% acr\libisacryiamide slab gel in the 
presence of SDS. :f Proteins in the gel were transferred to 
a nitrocellulose sheet which was then preineubated for 
I h at roDm temperature in PBS containing 5% (wt vol) 
fat-free dry milk, rinsed five times (lOmineaeh) in PBS 
and finally incubated overnight at room temperature with 
anti-5-HT 1A -i3 GST or anti-GST antibodies (1:250 final 
dilution ih PBS supplemented with 0.05 % Twee n- 20 and 
1% fat-free milk). After five washes with PBS. the nitro- 
cellulose sheet was post-incubated for I h at room tempera- 
ture in PBS containing 0.05% Tween-20. 1% fat-free milk 
2nd goat anti-rabbit IgG coupled to peroxidase (1:2000 
dilution). The excess of the latter IgG was eliminated by 
extensive washing with PBS. and the nitrocellulose sheet 
was soaked in 50 mM sodium phosphate ipH 7.2) for 
10 min. The bands with peroxidase activity were finally 
revealed by incubation in 50 mM sodium phosphate 
(pH 7.2) supplemented with 0.05% uvt vol) 5.3'-diamino- 
benzidine tetrachloride (DAB). 0.02% CoCi.. 0.02% 
NH,Ni ar.d 0.002% H : 0 : . The coloured reaction was 
stopped by washing with water. 

hnmunoprecipiiation of soiuhilized S-hydroxytrvptamine { 
receptors 

Aliquots (0.3 ml corresponding to - 1.6 mg protein) 
of the 100.000* supernatant of a suspension of rat 
hippocampal membranes preineubated for 60min with 
10 mM 3-[3-(choiamido-propyl)dimethylammonioJ- 1 -pro- 
pane sulphonate (CHAPS: see Ref. io! for details) were 
mixed with 30 u\ of the antiserum diluted in 0.05 M 
Tris-HCI. pH 7.4 (final dilution: 1:50 to 1:1.000). and left 
overnight at 4 C. Other samples ("controls") were mixed 
with the preimmune serum instead of the antiserum, but 
at the same dilutions. The next day. the mixtures were 
supplemented with 70 pi of a protein A-Sepharose CL-4B 
slurry (Pharmacia, diluted by half in 0.05 M Tris-HCI. 
pH 7.4). and then gently rotated for 2 h at 4 C Finally, 
samples were centrifuged (2500 lOmin. 4 : C). and the 
supernatants were saved for binding assays. Aliquots (70 p\) 
of each supernatant were incubated with 1.0 nM [ ; H]8-OH- 
DPAT in 0.05 M Tris-HCI. pH.7.4 (total volume: 0.2 ml) 
for 1 h at 15 C, and bound 3 H was trapped on Whatman 
GF/B filters presoaked with 0.3% polvethvlenimine as 
described previously. 9 Non-specific [ ? H]8-*OH-"DPAT bind- 
ing was determined from similar samples supplemented with 
10/nM unlabeled 5-HT. Binding assays on aliquots 
(70 /il) of supernatants exposed to the preimmune serum or 
anti-5-HT IA -i3-GST antibodies were also performed with 
[-HJ5-HT, fHJmesulergine, pHJkeianserin. [ ? H]zacopride. 
[ HJprazosin and [-Hjdihvdroalprcnolol for the quanti- 
fication of 5-HT )B , 5-HT :c , 5-HT 3A . 5-HT 5 . and /?- 
adrenergic, receptors, respectively. The detailed protocols 
for these assays have previously been described. ?v 

Adenylate cyclase assays 

Forskolin HO^Mj-activated adenylate cyclase was as- 
sayed in rat hippocampal membranes bv "measuring the 
conversion of -/[ 3: P]ATP (0.1 mM) into [ :: P] evelic AMP in 
ine presence of 0.1 M NaCI and 10 ,tM GTPas described 



ir. detail elsewhere. 1 * The inhibitor) effect lof 5-HT, v recep- 
tor stimulation by a saturating concentration of 5-HT 
U i(M — see Ref. S) was tested on native membranes and on 
those which had been preineubated for I h at 0 C with 
various dilutions (1:50. 1:100. 1:250) of the antiserum or 
the preimmune scrum. Adenylate cyciase activity is ex- 
pressed in nmol [ ;: P]cyciie AMP formed per mg membrane 
protein after a 20 min incubation at 30 C. r 

himunoautoratlio^raphic hihelih:^: of br t ;:n sections 

Adult male Sprague-Dawley rats (250-300 g body 
weight) were anaesthetized with chloral hydrate (350 me ke 
i.p.l. and perfused via the ascending aorta with 200 nil of 
0.**% NaCI containing sodium nitrite (1 g 1). Animals were 
decapitated and the brain was quickly removed and frozen 
in isopentanc at -50 G Corona! and horizontal sections 
(thickness 20/nn) were cut at -20 C and thaw-mounted on 
to gelatin-coated slides. After storage at -20 C for two 
weeks, sections were dipped in PBS supplemented with 4% 
paraformaldehyde for 3 mir. at room temperature (as for 
ail the following steps), washed three times with PBS and 
then preineubated in PBS supplemented with 3% (wt voi) 
bovine serum albumin (BSA> for 30 min. Then, the pro- 
cedure was as described in detail elsewhere." Briefly, sections 
were washed 5 min in PBS and incubated "with the 
crude antiserum (dilution 1:2000) or with the purified 
antiserum (dilution l:I000i for 2 h. Controls were per- 
formed using preimmune serum, purified antibodies satu- 
rated by 5-HT IA -i3 GST antigen liOOz/g m!) or anti-GST 
antibodies (1:2000 finai dilution). All antiserum solutions 
were made in PBS supplemented with 1% BSA. After 
washing (three times for 10 min in PBS), sections were 
dipped in PBS supplemented with [ :: "S]IgG-ami-rabbit I«jG 
H.OuCi ml) for 2 h. The\ were then washed three more 
times in PBS for 10 min each, once in cistilied water for 15 s. 
dried with cold air and exposed to /irr.ax films (Amersham) 
for three days. Auto radiograms were finally developed in 
Kodak Microdo! (10 min at 20 C). 

In:n:unnhistnchcntical label: Ik? of brain sections 

Adult male Sprague-Dawley rats ■ 250- 300 g body 
weight) were anaesthetized with chiora! hydrate (350 mil k» 
i.p.f. and perfused intracardiacs with iOOmi of 0.9% Nad 
followed by 300 ml of IO0rr.NI sodium phosphate buffer 
iPB. pH7.4) supplemented with 4% paraiormaldehvde. 
The brains were removed, post fixed b> immersion in'the 
same fixative for 60 min. and cryoprotec.ee in PB contain- 
ing 30% sucrose and 0.1% sodium azide for 48 h at 4 C. 
Brains were then sectioned at 35 uvr. with a sliding cryomi- 
crotome. and sections were collected in PBS. Sections were 
pretreated for 10 min at 4 : C with 2% H : Q ; in PBS fpH 7.4) 
washed twice in the same buffer for Kj min. then preineu- 
bated in PBS containing 3% BSA and 0.25% Triton X-I00 
for 30 min at 4 C. washed in PBS and finally incubated 
overnight at 4'C with the purified ar.;i-5-HT,. x -i3GST 
antibodies (final dilution 1:1000; in PBS containing 1% 
BSA and 0.25% Triton X-I00. Control experiments'" con- 
sisted of replacing the antibody solution b\ the preimmune 
serum at the same dilution or the antibodies previously 
saturated by the fusion protein (after ar incubation for ! h 
at room temperature with 0.! mg 5-HT ;i -i3 GST per ml of 
the solution of purified antibodies). After washing twice 
in PBS for 10 min. sections were incubated for I h with 
biotinylatcd goat anti-rabbit IgG (Vector i diluted at 1:250 
in PBS containing 1% BSA* and 0.25% Triton X-100. 
washed and exposed to avidin-biotin -horseradish peroxi- 
dase complex (ABC, Vector, dilution 1:200) for a further 
1 h. The im mu no peroxidase reaction then proceeded by 
incubating the sections in 0.02% DAB and 0.002%. H-O, 
in 50mM Tris- HQ (pH 7.6; for 10-15 min. Sections 
were finally rinsed, mounted on gelatin -coated slides, dehy- 
drated and covers! ipped for light microscopy and photo- 
micrography. 
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l 1 !-i]K-hydroxy-2-(di-/i-propy!amino) teiralin ff H)8-0H- 
DPAT. lOOCi mrr.olj was from the Service des Molecules 
Marquees. CEA (VM9I - Gif-sur- Yvette. France). [ 3? S] goat 
igG-anti-rabbit IgG (570Cimmol) and y-[ ?: P]ATP 
(20-30 Ci mmoi) were from Amersham (U.K.). Other radio- 
active molecules were: [*H]5-HT (12.5 Ci/mmol. Amersham. 
U.K.). [ ; H]mesu!ergi-e (75.8 Ci mmot. Amersham. U.K.). 
[■Hjprazosin (25.4 Ci mmol. Amersham. U.K.), [ ; H]dihydro- 
alprenolol (49.4 Ci mmol. Amersham. U.K.), [ 3 H]ketan- 
scrin (New England Nuclear. Wilmington. U.S.A.) and 
[ J I-l]zaco pride (82 Ci mmol. generously given by Del aland e- 
Symheiabo Laboratories. Rueii-Malmaison, France). The 
26 aa peptide Gly : " ; -G!u : ' 1 was svniheiized by Neosvstem 
(Strasbourg. France). (-)YVAY* 100135 [A'-t-butyl-3.4- 
(2-metho\y-phenyi)piperazine-l-yi-2-phenyl propanamide 
dihycrochloride] was generously donated by Wyeth 
Labs (Taplow. U.K.). Sources of other compounds were: 
deoxynucieotide primers for PCR. Appligene (Iilkirch. 
France): Xhol. Bam HI and T 4 DNA ligase, Bioiabs 
(Montigny-le-Bretonneux. France): phenylmethylsulphonyl 
fluoride (PMSF) and 3-[3-(cholamidopropyl)dimethyi* 
ammonioj-i -propane sulphonate (CHAPS). Tebu (Le 
Perray-en-Yve!ines, France): forskolin. Calbiochem (Los 
Angeles. CA. U.S.A.): leupeptin. aprotinin. isopropyi- 
ihiogalactoside (IPTG). O-phenyknediamine dihydrochlor- 
ide. polyethylenimine. biotinyiated goat anit-rabbit IgG. 
sireptavidin peroxidase, goal anti-rabbit IgG coupled to 
peroxidase. Sigma (Si Louis. Mo. U.S.A.). 

AH other compounds were ihe purest commercially avail- 
able (Prolabo. Merck. Booh ringer Mannheim. Pharmacia). 



RESULTS 

Production of the 5-hyd r oxy trvp t amine u -/3 gluta- 
thione S-transferase fusion protein 

As illustrated in Fig. la. the sequence that we 
selected for making the 5-HT ;A -i3 GST fusion pro- 
tein corresponded to the entire third intracytopiasmic 
loop of the rat 5-HT : ^ receptor from Leu :u to Gly-'\ 
This rather hycrophilie 1 35 aa sequence is very 
specific of the rat 5-HT A receptor, as there are only 
4-I6°o of conserved aa residues within the third 
liuraeytopiasir.ic loop of this receptor as compared 
with that of 10 other G -protein-coupled 5-HT recep- 
tors whose sequences are available to date (Fig. lb). 
Most of these conserved aa residues are located at 
the C- and N-terminal pans of the i3 region. Thus, 
this region was a good candidate for the immuniz- 
ation of rabbits to raise specific ami-5-HT lA receptor 
antibodies. 

The 5-HT. A -i3 GST fusion protein was expressed 
in E. coli and punned on a glutathione-agarose 
column. When extracts from bacteria not exposed 
to IPTG were applied on the column, there was 
no visible band on a SDS PAGE from the eluate 
(Fig. 2 A. lane 2). In contrast, after IPTG indic- 
ation, a major 43.000 band was seen from the gluta- 
thione allinity column eluate (Fig. 2 A. lane 3V 
This band migrated to a position closely corres- 
ponding to the calculated molecular weight of the 
fusion protein: 42400 (!4°00 for the 5-HT M -i3 
plus 27500 for the GST1 Smaller minor bands 
were also present on the SDS PAGE gel, but none of 
them migrated like free GST (Fig. 2 A, lane 4). They 



probably correspond to degradation products of the 
5-HT lA -i3 GST fusion protein. 

Detection of unti-5-hydro.xytryptamine , A -i 3* glut a - 
thione S- transferase antibodies by enzyme -linked 
immunosorbent assay 

The material produced by IPTG-exposed bacteria 
and purified on the glutathione-agarose column 
was then used to immunize rabbits, and collected 
sera were screened for antibody detection by enzyme- 
linked immunosorbent assay (ELISA). As expected 
(Fig. 3A). preimmune serum very poorly recognized 
the 5-HT !A -i3 GST fusion protein. In contrast, a 
very intense, dilution-dependent, colourimetric 
reaction was obtained with the scrum collected one 
month after the third injection of the antigen 
(Fig. 3A). The serum dilution yielding half of the 
maximal coiourimetric intensity could be calculted 
from curves such as that illustrated in Fig. 3A. and 
the —log of this value was considered as the titer of 
a given antiserum. Figure 3B shows the time course 
of a typical immune response. Anti-fusion protein 
antibodies were detected in the serum as early as one 
month after :he first injection. Antibody production 
reached its maximum at the third injection and 
remained stable until the end of the immunization 
protocol. 

In a previous report, 9 we described an antiserum 
raised against a 26 aa synthetic peptide corresponding 
to the portion from Giy :J * to Glu :6s in the third 
intracellular loop of the rat 5-HT lA receptor (see 
Fig. I A). Taking advantage of the ELISA technique, 
we looked for possible cross-reactivity between anti- 
5-HT lA -i3 GST fusion protein antibodies and these 
anti-peptide antibodies. The data in Fig. 4A show 
that both the anti-peptide and the anti-fusion protein 
antisera bound to the 5-HT, A -i3/GST antigen with 
approximately the same titer. However. ELISA 
tests with the 26 aa synthetic peptide as antigen 
indicated that only the anti-peptide antibodies 
bound to it with a high titer. In contrast, the anti- 
fusion protein antibodies recognized this antigen very 
poorly (Fig. 4B). 

Detection of anti-5-hydro.xytryptamine u -i '3/ gluta- 
thione S- transferase antibodies by western blotting 

For these experiments. I ug of 5-HT [A -i3 
GST fusion protein or free GST were boiled in the 
presence of SDS, subjected to SDS; PAGE and the 
elect rophoresed materials transferred onto a nitro- 
cellulose sheet. The sera collected from all rabbits 
after the second injection of the fusion protein 
detected both free GST (lane l, Fig. 2B) and a 
major band at 43,000 (lane 2. Fig. 2B). The typ- 
ical western blot shown in Fig. 2B reveals that in 
addition to these materials, minor bands were also 
recognized by the anti-5-HT lA -LVGST antibodies. 
The molecular weights of the latter bands in fact 
corresponded to those of the minor bands, already 
delected by SDS PAGE, of the material produced by 
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Fig. 2. SDS-PAGE (A) and western blot (B) of GST and of ihe material synthesized b> £. co/i transformed 
with the plasmid pGEX-KG and exposed, or r.oi. to IPTG. Molecular weight is given >:10~\ (Al 
SDS-PAGE: iane [. crude supernatant (30.000 £. !5:r.in. - C. I0//g of protein i of an homogenate of 
transformed E. coii exposed to IPTG: lane 2. materia: eluted from the glutathione-agarose affinity coiumn 
charged with the 30.000 5 supernatant from transformed E. cali not exposed to IPTG: lane 3. ciuted 
materia! Mug protein) from transformed E. tali exposed to 0.1 mM IPTG: lane 4. -Ong GST. 
Colouration was with Coomassie Blue. (B) Western blot of GST (lane li or of the material from 
transformed E. coli exposed to 0. 1 mM IPTG (lane Z\. Immune-labelling was achieved with purified 
ami-GST antibodies (lane 1) or purified amio-HT :V -i3 GST antibodies (iane 2) from a rabbit serum 
collected one month after the third booster injection of the fusion protein antigen. Similar resuits were 
obtained with an ti sera collected from the four rabbits immunized with the fusion protein antigen. The 
band at 43.000 corresponds to the complete 5-HT IA -i3 GST fusion protein. 



IPTG-exposed bacteria and purified on the 
glutathione-agarose affinity column (lane 3, Fig. 2A). 
Attempts to detect the native 5-HT 1A receptors solu- 
bilized from rat hippocampal membranes by western 
blotting were unsuccessful. Indeed, the paucity of 
this receptor in the solubilisates made it undetectable 
by western blotting. 

Immunoprecipiiation of solubilized 5-hycfroxytryp - 
tamine lA receptors 

The anti-5-HT. A -i3/GST antibodies exerted only 
a minor effect on the specific binding of [ ? H]8- 
OH-DPAT to 5-HT iA receptors solubilized by 
CHAPS from rat hippocampal membranes. Thus, 
only a 15% decrease in this binding was noted 
with solubilisates which had been incubated with 
the antiserum at 1:50-1:100 final dilution for 16 h 
at 4 C (Fig. 5). However, addition of protein A- 
Sepharosc CL-4B beads followed by ccntrifugation 
resulted in a dramatic dilution-dependent reduction 
of 5-HT 1A binding sites from the supernatant 
(Fig. 5). In contrast, no decrease in the specific 
binding of [ : H]8-OH-DPAT was noted in solubil- 



isates exposed to preimmune serum in the absence or 
presence of protcin-Scpharosc CL-4B. In addition, 
the specific binding of ['H]5-HT to 5-HT JB sites. 
[-H]mesulergine to 5-HT ;c sites, [ ? H]kctanserin to 
5-HT :A sites, [-Hjzacopride to 5-HT ; sites. [-H]- 
prazosin to ^-adrenergic sites and [-HJdihydro- 
aiprenolol to p -adrenergic sites in solubilisates 
from rat hippocampal membranes was not signifi- 
cantly different whether the latter preparations were 
exposed or not to anti-5-HT iA -i3/GST antibodies 
with or without protein A-sepharosc CL-4B beads 
(not shown). 

Maximal immunoprccipitation (/„., - 80%) of 
5-HT JA binding sites solubilized from rat hippo- 
campal membranes was obtained with a 1 : 50 dilution 
of antiserum, and half maximal immunoprccipitation 
was achieved with the antiserum at ^1:350. If 
one considered the —log of this value as a second 
titer estimate of the antiserum, it was also possible 
to follow the appearance of anti-5-HT IA -i3 GST 
antibodies during the immunization protocol. As 
illustrated in Fig. 6A, antibodies able to immuno- 
precipitatc solubilized 5-HT IA binding sites were 
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Fia. 3. ELISA detection and titration of anti-5-HT IA -i3 GST antibodies. (A) ELISA: Dilution-dependent 
colour reaction (optical density was measured at 492 nm) showing the presence of antibodies to the 
5-HT !A -i3 GST fusion protein in the serum from the fourth bleed of an immunized rabbit. Similar curves 
were obtained with the four rabbits included in the study. In contrast, no colour developed with 
preimmune serum, as expected from the lack of anti-5-HT, A -i3 GST antibodies. (B) Time-course 
evolution of the titer of anti-5-HT :A -i3 GST antibodies: The titer is expressed as -log of the serum 
dilution required to >ie!d half maximal OD at 492 nm in ELISA (see Ai. Similar curves were obtained 
with the four rabbits immunized with the fusion protein antigen. 



already present in the rabbit serum one month after 
the first injection of the 5-HT ;A -i3 GST fusion pro- 
tein. However, at this stage, only -20% of solu- 
biiized 5-HT= A sites could be immunoprecipitated. 
at maximum, bv the antiserum (at 1:20-1:50. final 



dilutions) (Fig. 6B), Thereafter, both the immuno- 
precipitating capacity and the litre of the antiserum 
increased to their maximal values, which were 
reached at the third bleeding and then plateaued up 
to the end of the immunization protocol (Fig. 6A. B). 



Antigen: £-KTiA-i3/GST 



Antigen: synthetic peptide (Giy 243 - Glu 2S8 ) 
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Fi« 4 Cro« reactivity of ami-5-HT. v -i3 GST antibodies and anti-G!y-^-Glu- b!t antibodies. (A) ELISA 
with the M-HVi • GST protein as anti-en. Both the serum from the fourth bleed or a rabbit immunized 
with this materia! tC>. and ihe antiserum" raised against the Gly- J --Giu* M sequence ot the rat >HT lA 
receptor-' (01 vielded a dilution-dependent colour reaction (OD was measured at 492 nm). indicating that 
thev bound to the antken t*iih a similar titer). Similar observations were made with antisera trom the 
four rabbits immunized with the 5-HT lV i5 GST fusion protein. iBi ELISA with the syntheuc peptide 
corresponding to the Glx :j5 -G:u :?s portion of the rat 5-HT IA receptor as antigen. In this case, omy the 
ami-riptide antiserum^©) vielded a colour reaction. In contrast, the serum from rabbits immunized with 
the 5-HT lV -i3 GST fusion protein {Q) did not recognize the s\nthetie peptide. These typical cur\e> were 
obtained with sera from the four rabbits included in the study. 
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Fie. 5. Immunoprecipitation of 5-HT 1A receptor binding 
sites solubilized from rat hippocampal membranes. Aiiquots 
(0.3 ml) of a solubilisate from rat hippocampal membranes 10 
were incubated overnight at 4C with 30 //I of 0.05 M 
Tris-HCI. pH 7.4 iC on abscissa) or 30 //l of 1:50-1:1000 
dilutions (in the same buffer: abscissa) of the serum from 
the fourth bleed of a rabbit immunized with the 5-HT IA -i3/ 
GST fusion protein. Binding assays were carried out with 
1 nM [ ? H]S-OH-DPAT either directly on aiiquots (70 /d) 
of each mixture O or on aiiquots (70 u\) of supernatants 
after the addition of protein A-Sepharose CL-4B to 
each mixture (©). [ : H]S-OH-DPAT specific binding is ex- 
pressed as a percentage of that found with solubilisates 
not supplemented with serum (C on abscissa: 100% = 219 
or 234fmoI ml of solubilisate exposed or not to protein 
A-Sepharose CL-4B. respectively). Each point is the 
mean + S.E.M. of triplicate determinations in three inde- 
pendent experiments. The -log of serum dilution producing 
half maximum reduction of [ ? H]8-OH-DPAT specific bind- 
ing in samples supplemented with protein A-Sepharose 
CL-4B is considered as the litre of antibodies for immuno- 
precipitation of solubilized 5-HT IA receptor binding sites. 



Effects of anti->hydroxytryptamine XA ~il : glutathione 
S-transferase antibodies on the coupling of>hydroxy- 
tryptamine XA sites to G protein and adenylate cyclase 

In agreement with previous observations, 11 
GppNHp was found to decrease, in a concentration- 
dependent manner, the specific binding of [ 3 H]8- 
OH-DPAT to 5-HT, A sites solubilized from rat 
hippocampal membranes down to ~20% of its 
control value, with an ic 50 of 0.60±0.13/jM 
(mean ± S.E.M., n = 3). Preincubation of membrane 
solubilisates with preimmune serum or the antiserum 
(fourth bleeding) at a final dilution of 1:50 for 1 h 
at 0'*C did not significantly affect the potency of 
GppNHp to decrease the specific binding of [ 3 H]8- 
OH-DPAT (icso-r 0.54 ±0.13 pM with the pre- 
immune serum; 0.64 ± 0.14 pM with the antiserum; 
means ± S.E.M., n = 3). Similar observations were 
made with hippocampal membranes exposed to the 
preimmune serum or the antiserum under the same 
conditions as those used for solubilisates, and then 
tested for [ 3 H]8-OH-DPAT binding (not shown). 

As expected from the negative coupling of 5-HT !A 
receptors with adenylate cyclase, 5-HT (1 pM) 
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reduced bv -20% the forskolin-stiimiiate^nzyme 
activity in rat hippocampal membranes (Table 1). 
and this ctVcct could be completely prevented by 
the selective 5-HT IA receptor antagonist ( + ).V-t- 
bu;vl-3.4-i2-methoxyphcnynpiperazin- 1 -yl-2-phen\ 1- 
propanamide [( + )\VAY 100135 : "] at I//M (not 
shown). Interestingly, no change in forskolin- 
stimulatcd adenylate cyclase activity in the absence as 
well as in the presence of 1 nM 5-HT was noted after 
the preincubation of rat hippocampal membranes 
with various dilutions ( 1 : 50-1 : 250) of the preimmune 
serum or the antiserum for 1 h at 0 C (Table U. 

Immunoautoradiographic labelling by anti-5-hydroxy- 
trvptamincx 4 -/ 3 glutathione S- transferase antibodies 

Labelling by [ :5 S]IgG-anti-rabbii IgG of anti- 
5-HT u -i3,GST antibodies bound to brain sections 
revealed the same distribution as that of 5-HT iA 
receptor binding sites autoradiographically labelled 
by specific radioligands. 37 In particular, the septal 
area, dentate gyrus and CA1 area of the hippo- 
campus, entorhinal cortex and dorsal raphe nucleus 
were all recognized by the antio-HT iA -i3 GST anti- 
serum (Fig. 7). In contrast, the striatum, substantia 
niera. cerebellum and choroid plexus did not bind 
the antiserum. Nowhere in brain sections made 
at the level of the septum, hippocampus and dorsal 
raphe nucleus, could immunoautoraciographic 
labelling above background noise be detected when 
anu-5-HT, A -i3 GST antibodies were replaced by 
either the preimmune scrum (Fig. S). anti-5-HT ; x -i3 
GST antibodies saturated by the fusion protein or 
purified anti-GST antibodies (not shown). In con- 
trast, similar immunoautoradiograms were obtained 
whether anti-5-HT 1A -i3 GST antibodies were pre- 
viously saturated or not by GST (by a pretreatmem 
with 0.1 mg pure GST-ml of antiserum for 1 h at 
room temperature; Fig. S). 

Immunohistochemical staining by anti-5-hydrnxytryn- 
tamine lA -i3 glutathione S-transferase antibodies 

Immunoperoxidase activity due to the binding 
of anti-5-HT IA -i3 ; GST antibodies superimposed 
exactly onto the immunoautoradiographic labelling 
noted above at all levels of the rat brain examined 
(not shown). Particular attention was paid to the 
septal area, the hippocampus and the interpeduncular 
nucleus, where 5-HT 1A receptors arc located post- 
synaptically on neuronal targets of scrotoninergic 
neurons/ 7 and the anterior raphe nuclei, where these 
receptors are on the somas and dendrites of the latter 
neurons, and act as autoreceptors.' '- 4 ' 

At the anterior level of the septum, brain sections 
exhibited a strong immunostaining within the dorsal 
nucleus and the intermediate nucleus of the lateral 
septum, whereas the caudate-putamcn was essen- 
tially devoid " of immunohistochemical labelling 
(Fig. 9A). Higher magnification showed that the 
immunostaining was exclusively associated with the 
ncuropile in the lateral septum (Fig. 10B). but cell 
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Fia 6 Time-course evolution of the capacity of antisera to immunoprecipitate >HT L , receptor 
bindinc sites solubiHzed from rat hippocampal membranes. (A) Evolution of the titer of antibodies for 
immunoprecipitation of solubilized 5-HT 1A receptor binding sites during the immunization pro^ 
Experiments were as described in the legend to Fig. 5 for samples supplemented with protem A-Sepharo* 
CL-4B This curve is tvpica! of those obtained with the four rabbits immunized wun the >H I ia -ij Ob i 
fusion 'protein ant-en. <B> Evolution of the maximal capacity of antibodies ic . immunoprtcipiiaie 
solubilized 5-HT. . reccoior bindine sites during the immunization protocol, /max (ordinate) correspond 
to the maximal deduction of [ : H]S-OH-DPAT specific binding in soiubihsates exposed to l:-0-u:0 
dilutions of serum and proiein A-Sepharose CL-4B (see Fig. 5). Similar data were obtained with t.e :cur 
rabbits injected each month with the 5-HT IA -i3 GST lusion protein. 



bodies whose plasma membranes were endowed with 
positive immunostaining were observed in the median 
septum and the nucleus of the vertical limb of the 
diagonal band (Fig. 11B). 

Within the hippocampal area, the immunostaining 
was uneven (Fig. 9B) with the dentate gyrus showing 

Table 1. Basal and 5-hydro\ytr\ptamine-modulated 
adenylate cyclase activity in rat hippocampal membranes 
exposed to preimmune serum, anti-5-hydroxytrypta- 
minc^-i? glutathione S-iransferase antiserum or none 



[■ ;: P]c>ciic AMP inmol mg protein) 



Pretreatment 


Basal 


5-HT (1 »M) 


% 


None 


0.95 - 0.02 


0.7$ ±0.01 


-IS 


Preimmune serum 








1:50 


0.9S - 0.02 


0.77 =0.01 


-21 


1:100 


0.96 = 0.01 


0.77 = 0.02 


-20 


1:250 


0.95 ± 0.02 


0.76 ±0.01 


-20 


Antiserum 








1:50 


1. 01 =0.02 


0.SI ±0.02 


-20 


1:100 


0.^5 - 0.03 


0.79 = 0.02 


-17 


1:250 


0.97 = 0.02 


0.76 ±0.01 


->-» 



Freshly prepared rat hippocampal membranes were incu- 
bated for 1 h at 0 C with preimmune serum or ami- 
5-HT IA --i3.GST antiserum (fourth bleed) at 1:50-1:250 
final dilution or "none" (i.e. with only glycerol, at 
the same concentration. i% v v. as thai added with 
the lowest dilution. 1:50. of each serum). Adenylate 
cvclase assa\s were then performed in the presence 
of 10/iM forskolin. 10;iM OTP and 0.1 M NaCl as 
described in Experimental Procedures. Fach value is the 
mean ± S.E.M. of [-Pjcyclic AMP (in nmol.mg protein) 
formed after a 20 min incubation at 30 C in the presence 
or the absence ("basal"'! of I »M 5-HT. Whatever was 
the membrane pretreatment, no significant di He re nee 
was noted on the percent decrease (%) in [*'-P)c\clic 
AMP formation due to 1/iM 5-HT. 



an intense labelling, particularly in the inner 
blade. The CA1 area of Amnion's horn was also 
strongly reactive, with the stratum oriens exhibiting 
a sliahtly higher level of labelling than the stratum 
radiatum and the stratum lacunosum moleculare 
(Fig. 10A). In contrast, the CA2 area was nearly 
devoid of immunolabelling. and the CA3 area 
was fainly stained {Fig. 10A). In all zones of the 
hippocampus, the immunolabelling was restricted 
to' the dendritic areas, where it appeared as a dense 
and homogeneous staining. Cell somas were not 
stained as shown by the lack of immunohistochemical 
reaction at the level of both the pyramidal cell layer 
in the CA1 area and the granular cell layer in the 
dentate gyrus (Fig. 10A). However, a few labelled 
cells bodies were occasionally found in the CA2 area 

(not shown). 

Within the interpeduncular nucleus, the immuno- 
histochemical labelling by anti-5-HT, A -i3 GST anti- 
bodies was also heterogeneous with a very intense 
staining of the dorsolateral subnucleus (Fig. 10C). 
The rostral subnucleus also exhibited a rather high 
immunohistochemical reaction, whereas the ventral 
area within the interpeduncular nucleus (i.e. the 
caudal subnucleus and lateral subnucleus) was 
imnumostained only to a moderate level (Fig. 10C). 
As observed in the lateral septum and the CA1 area 
of the hippocampus, immunostaining of the various 
subregions of the interpeduncular nucleus exclusively 
concerned the neuropile with no immunostained cell 
bodies. 

At the le\el of the anterior raphe nuclei, the dorsal 
raphe nucleus exhibited dense immunostaining, and 
the median raphe nucleus was also labelled, though 
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Fig. 7. Immunoautoradiograms of rat brain corona! sections exposed to purified anti-5-HT !A -i3, GST 
antibodies. Sections (20/*m thick) along the anterior-posterior axis (from A to D) show that the septum 
(A), hippocampus (B,C), cntorhinal cortex and dorsal raphe nucleus (D) bound these antibodies (at 1 : 1000 
dilution). LSD, dorsal part of the lateral septum; LSI, intermediate part of I ho lateral septum; MS. medial 
septum, Cx, cerebral cortex; CPu. caudate-puiamen; DB, diagonal band of Brocu; Tu, olfactory tubercle; 
CAI, CA1 area of Amnion's horn; DG, dentate gyrus; Rt, reticular nucleus of the thalamus; A. amygdala; 
H, hypothalamic nuclei; Pir. piriform cortex; S. dorsal subiculum; SC. superior colliculi; CG. centra! gray 
area; SN, substantia nigra; Ent, cntorhinal cortex; IC inferior colliculi; DR, doral raphe nucleus: Mr.R. 

median raphe nucleus. 
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rig. S. I miramoauto radio grams of horizontal rat ?:u:n sections exposed to preimmune serum (B). purified 
anti-5-HT !A -i3 GST antibodies (B) or purified ar.:i-:-HT. v -i3.GST antibodies saturated with GST (C). 
Antibodies were used at i:!000 dilution. LS. :a:erii septum; MS. medial septum; GP, globus pallidus; 
Cer. cere be;! urn. Other abbreviations are as indicated in the leeend to Fii!. 7. 



less strongly (Fig. 9C). In addition, some immunore- 
activity was observed in the superior eolliculus 
(superficial gray layer) and in the central gray 
(Fig. 9C). Numerous cell bodies exhibited positive 
immunostainmg at their periphery within both 
median (Fig. 11 A) and dorsal ^noi shown) raphe 
nuclei. In most eases, the labelling was continuous 
and outlined the whole pcrikarvon. but patches of 
more intense immunola belling were also observed 
(Fig. 11 A). The same subcellular distribution of 



immunoreaeiivity was observed in the zone incerta 
(Fig. HQ where both cell types with continuous or 
patchy immunostaining all around the perikaryon 
could be found (Fig. 11C). 

In addition to the perikaryal surface reactivity, 
immunopreciiate was also associated with dendrites 
in both the median and raphe nuclei. As shown in 
Fig. 11 A. some dendrites could be visualized on a 
rather longdistance, thanks to a thin uneven staining 
thai gave them a straw-like appearance. 





" Vr-.r.> 




Fig. 9. Immunohistochemica! staining with purified anti-5-HT, A -i3/GST antibodies showing the three 
brain areas with the most intense immunoreactivity. Purified anti-5-HT, A -i3;GST antibodies v.cre used 
at 1:1000 final dilution. (A) Frontal section ai the level of the septum with intense immunolabeliing in 
the doral nucleus (LSD) and the intermediate nucleus (LSI) of the lateral septum. Cx. cerebral cortex; 
CPu. caudate putamcn: MS. medial septum: DB. diagonal band; Tu. olfactory tubercle (scale bar: 2 mm). 

(B) Frontal section at the level of the dorsal hippocampus (Hip). Pir, piriform cortex (scale bar. 2.5 mm). 

(C) Frontal section at the level of the dorsal raphe nucleus (OR). IC. inferior coiiiculus: SC. superior 
coiiiculus; CG. central gray: MnR. median raphe: IP. interpeduncular nucleus (scale bar. 2 mm). 
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Fig. 10. Brain areas with immunosuiining by purined ant:-5-HT, A -i3 GST antibodies mainly confined to 
ihe r.europile. (A) Dorsal hippocampus with strong immunolabelling of the neuropile in the dentate gyrus 
i.DGl. and stratum oriens (Or) and stratum radial urn (Rad) of Ammon's horn. In contrast, no 
immunoreaciivity was observed in the pyramidal ceil layer (Py). CAI. CA2. CA3. subfields of Ammon's 
horn: LMol. stratum !acunosum moleculare iseaie bar. 0.5 mm). (B) Septal area with intense immunos- 
E.unmg of the neuropil? in the dorsal nucleus and in termed iaie nucleus of the lateral septum. Abbreviations 
are as in Fig. 9A (scale bar. 0.5 mm). (O Heterogeneous immunostaining of the interpeduncular nucleus 
wi:h the dorsoiatra! subnucleus (IPDL) showing the most intense immunoreaeii\ ity. IPR. rostral 

subnuc!e'.:> i scale bar, 0.5 mm). 



DISCISSION 

The 5-HT tX receptor belongs lo the G-protein- 
eoupied receptor superfamily. whose members are 
known to possess seven hydrophobic transmembrane 
domains, linking: the intracellular and extracellular 
loops.' As confirmed herein by comparing the a a 
sequer.ee of the i3 loop of 1 1 different 5-HT receptors 
of this super family, this portion of the sequence 
shows the lowest degree of homology between G- 
proiein- coup led receptors.-' We therefore selected this 



portion of the aa sequence of the 5-HT 1A recep- 
tor to make a fusion protein as an alternative to 
synthetic peptides, to be used as antigen for raising 
specific anti-5-HT, A receptor antibodies in rabbits. 
Indeed, the synthetic peptide that we used previously 
contained only 26 aa. whereas the 5-HT lA -i_VGST 
fusion protein made in the present study was com- 
posed of the complete i3 loop, i.e. 1 35 aa. Such 
an antigen could exhibit more epitopes than a syn- 
thetic peptide and thus could be more immunogenic. 
Furthermore, because of their larcer size, fusion 



Fig. II. Perikarya and dendrites immunostained by purified anti-5-HT lA -i3. GST antibodies in three 
different regions of the rat brain. (A) High magnification (scale bar. 20 um) of the median raphe nucleus 
showing perikarya outlined by plasma membrane immunostair.ing (large arrowsj. An immunorcactive 
dendrite (small arrows) can be followed on ^60 /<m. and other immunostained profiles farrow heads) 
probably correspond to cross-sections of such dendrites. (B) Tuo immunostained perikarya in the vertical 
limb of the diagonal band (scale bar. 20/*m). (C) Immunostained perikana in the zona ir.ceria. 
ImmunoiabelHng is homogeneously distributed in the piasma membrane of some cells (arrow head^ or 
is uneven with a patchy appearance on other ceils (arrows; scale bar. 2Q;imj. 



proteins might adopt a secondary, or ternary confor- 
mation, closely related to the native receptor. 
This approach has already been used successfully to 
produce antibodies against muscarinic cholinergic 
receptors, 31 ^ - dopamine D, and D 2 receptors, 5 "' 0 a 
metabotropic glutamatc receptor 2 and the 5-HT r A 
receptor. 4 ' 1 



In the present case, this strategy also appeared to 
be efficient, since antibodies could already be detected 
in the rabbit scrum one month after the first injection 
of the 5-HT IA -i3,'GST fusion protein using both 
ELISA and immunoprccipitation'of 5-HT iA receptors 
solubiiized from rat hippocampal membranes. In the 
four rabbits used for the immunization, the responses 
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were similar, and maximal titers of the antiscra were 
reached after only two injections of the antigen, and 
then plateaued for the following four months of 
booster injections. 

As expected from the enclosing of the 26 aa 
synthetic peptide sequence Gly^-Glir 6 * in the 5- 
HT ;A -i3 GST fusion protein, antibodies raised 
against this peptide^ bound to this protein antigen, as 
shown by the positive reaction in the EL ISA test. 
In contrast. anti-5-HT 1A -i3 GST antibodies did 
not recognize the 26 aa synthetic peptide. Several 
interpretations can be proposed to explain this 
negative result. Indeed, within the i3 loop, certain 
portions other than the 26 aa Gly :43 -GIu :Ail sequence 
might be more immunogenic than the latter, making 
the rabbits preferentially raise antibodies to epitopes 
outside this sequence. Alternatively, the Gly :43 -Glu- V 
sequence might be hidden because of the secondary 
ternary conformation adopted by the 5-HT 1A -i3,'GST 
fusion protein, allowing only other epitopes to be 
available for the production of antibodies. Finally, it 
cannot be excluded that the fusion protein was 
rapidly hydro! ysed in the rabbit, in a way which cut 
the Giy-" -Giu,- k? sequence. 

In add I lion to the aa sequence corresponding to the 
s>ruhe;ic peptide previously used in raising anti- 
5-HT , receptor antibodies/ N- and C-ierminal por- 
tions of i3 probabK also contained no epitopes 
recognized by the anti-fusion protein antibodies. 
Indeed, these portions have been shown to play a 
critical rc;e in the interaction of receptors with G 
proteins."" but no change in this interaction could be 
here when the 5-HT :A receptors were exposed 
to the anii-5-HT :A -i3 GST antibodies. Thus, neither 
the inhibitor) effect of GppNHp on the specific 
binding of [ : 'Hj$-OH-DPAT to solubilizcd and mem- 
brane-bound 5-HT :A receptors, nor the Gi-dependem 
inhibition of hippoeampal adenylate cyclase due to 
the stimulation of >HT :A receptors^--* were signifi- 
cant!) ;Tee ; ed u po n e x p osure to anti-5-HT iA -i3 G ST 
antibodies. That the N- and C- terminal portions of 
anti-5-HT A -i3 probably play no role in the immune 
response is further supported by the fact that anti- 
>HT A -i? GST antibodies were able to immuno- 
precipitate >HT= A receptors but not 5-HT, u . >HT ;a 
and 5-HT :c " receptors (and also >HT t . 2,-/)- 
adrenergic. receptors) solubilized from rat hippo- 
eampal membranes, in spite of a relatively high 
degree of sequence homology at these particular 
portions tsee Fig. IB). Indeed, both the N- and 
C-ierminal parts of i3 of the 5-HT iA receptor are 
rather hydrophobic, and may therefore be hidden in 
the ternary conformation adopted by the fusion 
protein, preventing their identification as potential 
epitopes for the production of antibodies in rabbits. 
Accordingly, the epitopes recognized by the anti- 
5-HT, A -i3 GST antibodies should be located within 
the intermediate parts (aa 225- 240 and or aa 
27>-33.M of i3. but further in\ estimations with syn- 
thetic peptides corresponding to these sequences are 



necessary to really demonstrate this inference. 

Clearly. anti-GST antibodies were also present 
in the antio-HT 1A -i3/GST antiscra. as shown in 
Western blotting experiments with pure GST. How- 
ever. anti-GST antibodies could be extensively 
removed by passing anti-5-HTi A -i3*GST antisera 
through a GST-Affigel 15 affinity column. In ad- 
dition, anti-GST antibodies did not interfere with the 
recognition of 5-HT 1A receptors by these antisera. 
Thus, purified anti-GST antibodies gave no im- 
munoautoradiographic labelling in sections of the rat 
brain and saturation of anti-5*HT, A -i3/GST anti- 
bodies by pure GST did not affect the immuno- 
labelling by anti-5-HT lA -i3/GST antiserum. 

Immunoautoradiographic labelling by anti-5- 
HT, A -i3/GST antibodies superimposed perfectly 
with the autoradiographic labelling of 5-HT 1A recep- 
tors by specific 5-HT 1A receptor radioligands such 
as [ 3 H]8-OH-DPAT/ 7 [ ,25 I]BH-8-MeO-NPAT 14 or 
[ : "H]5-methyI-urapidil. :9 In particular; intense label- 
ling was found in the limbic areas (septum, hippo- 
campus, entorhinal cortex) and the dorsal raphe 
nucleus, whereas no labelling could be detected in the 
striatum, substantia nigra and cerebellum, where 
f-HT IA receptors are either absent or at a very low 
density.'* In contrast, the latter structures are en- 
riched in >HT :a receptors. The lack of immunoreac- 
tton at their level further confirmed data obtained in 
immunoprecjpitation experiments where no cross- 
reactivity was found between antio-HT 1A -i3 GST 
antibodies and 5-HT lU receptors (in spite of some 
sequence homolog\ in the N- and C-terminal por- 
tions of i3 in 5-HT, A and 5-HT 1B receptors: see 
Fig. IB). 

One of the main goals of the production of specific 
antibodies is the immunostaining of the correspond- 
ing antigen at the cellular and subcellular levels using 
light and electron microscopy. Clearly, anti-5- 
HT iA -i3 GST antibodies arc useful tools for reaching 
these goals, as the corresponding immunoreactive 
material could be visualized at the cellular level using 
the classical avidin-biotin-pcroxidase technique. In- 
terestingly, mainly the neuropile was labelled in the 
septum, hippocampus and interpeduncular nucleus, 
whereas both the somas and dendrites were labelled 
in anterior raphe nuclei. Such differential locations 
suggest that the addressing of the 5-HT !A receptors 
may vary to some extent from one cell type (for 
instance the pyramidal cells in the hippocampus) to 
another {i.e. the serotoninergic neuions in the an- 
terior raphe nuclei 4 '), lmnuinoeytochemical investi- 
gations at the electron microscope level are in 
progress to further explore these differences. 

Both the regional and cellular immunostaining by 
anti-5-HT, v -i3 GST antibodies corresponded exactly 
to those obtained previously with antibodies raised 
against the synthetic peptide GIy : " i; '-GUr 6 \'*' 0 '- ,gJ ' 
In particular, at the cellular level in the median raphe 
nucleus, these antibodies to different epitopes (see 
abo\e) recognized material which was mainly 



5-HT u receptor antibodies 



confined to ihe plasma membrane of somas and 
dendrites, as expected of the 5-HT :A (auto)receptor. J - 
Similarly, in cell cultures, only the plasma membrane 
of neurons from the mesencephalon, hippocampus 
and septum of fetal rats could be immunostained by 
both the ar.ti-peptidc antibodies (Ref. 19. and Riad 
et a/., in preparation) and the anti-5-HT IA -i5 GST 
antibodies (unpublished observations). 



CONCLUSION 

To da4e. antibodies to various 5-HT receptors 
have been made: anti-5-HT !A (see Rets 4. 9. 12. 5$. 
51 and this paper) anti-5-HT iB . :? anti-5-HT :A .'"'- 
antio-HT-.-.-V* and anti-idiotypic antibodies to 5- 
HT 1B . 5-HT ;A and 5-HT :c receptors.^ Although the 
specificity of these antibodies might have not been 
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thoroughly proven for all of them (sec Introduction), 
they generally constitute excellent tools to investigate 
important questions such as the diiTercntial location 
of these receptors at the subcellular level and their 
possible co-expression within only one cell, as 
suggested by electrophysiological observations/* 
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